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Introduction
Luzhou-flavored liquor is one of the most famous distilled liquors in China. Because of the high content and low threshold, ethyl caproate with fruity, floral and sweet flavor, is defined as the typical aroma for Luzhou-flavored liquor (Shen, 2014) . Ethyl caproate is formed from caproic acid and ethanol catalyzed by molds and yeasts in Zaopei (a mixture of grains including sorghum, corn, wheat and rice) and pit mud (underground soil cellar constructed) (Yang and Wang, 2014; Chen et al., 2014) . As the precursor of ethyl caproate, caproic acid is produced by caproic acid-producing bacteria (CAPB), which makes them the most important functional microbes in pit mud (Zhang, 2015) . C. kluyveri is one kind of CAPB (Barker and Taha, 1942; Weimer and Stevenson, 2012) , and the mainly CAPB screened from pit mud (Yao et al., 2010) . C. kluyveri alone or co-fermented with other anaerobic microbes have been used for improving the fermentation condition of pit mud (Liu et al., 1987; Wu, 2006) , which could enhance the content of ethyl caproate for Luzhou-flavored liquor (Shu et al., 2007) .
Since the addition of cultures containing CAPB can be used to make pit mud for building the new cellar to expand production scale of Luzhou-flavored liquor or preventing the aged (good quality) pit mud degrading into a degenerated state (poor quality), there are many studies researching on CAPB (Xie et al., 2016; Guo et al., 2010; Xu, 2011) . However, cultures from synthetic media lead to the maladaptive after CAPB inoculating into the pit mud, and at the same time it is very hard for the metabolic studies from solid medium containing materials used in the liquor making process. So it is very important to make and optimize a fluid medium containing materials used in liquor making process for CAPB to produce high yield of caproic acid to circumvent bottlenecks encountered in the high effective and adaptable ingredients in the field of Chinses Luzhou-flavored liquor manufacture.
Taguchi design was developed to improve quality of products by Genichi Taguchi, in 1956. It utilizes orthogonal arrays for the design of experiments, and results in the minimization of variations of a quality characteristic in the presence of reasonable variations in the experiments (Hu and Rao, 2011) . The advantages of optimization using the Taguchi design are that various factors can be simultaneously optimized, and lots of quantitative information can be obtained from only a few experimental trials. (Maghsoodloo et al., 2004; Hwang et al., 2012) . Since this design method could efficiently seek the combination of optimized design parameters, it has been applied to fermenting field successfully (Thanapimmetha et al., 2012; Wang et al., 2013; Das et al., 2016) .
The caproic acid-producing bacterial consortium (CAPBC) J 30 in this study had been reported to produce caproic acid (Yuan et al., 2015) , screened from the pit mud of a Chinese liquor manufactory under the anaerobic condition. In this study, experiments were conducted to investigate the microbial community and estimate an optimal medium for CAPBC J 30 . To fully understand microbial structure of CAPBC J 30 , the structure and diversity of the prokaryotic community was investigated by 16S rDNA clone library and amplified ribosomal DNA restriction analysis (ARDRA). Then a base medium containing a material used in pit mud was determined, and the effects of different carbon sources, nitrogen sources and growth factors were studied by onefactor-at-a-time design. Consequently, main factors that had significant enhancement effect on the yield of caproic acid were optimized by Taguchi design. Finally, the kinetics of CAPBC J 30 in the optimal medium was evaluated. To our knowledge, this was the first time that a Taguchi design was used in the area of the medium optimization containing materials used in Luzhou-flavored liquor making process.
Materials and Methods
Starter culture and fermentation condition The caproic acidproducing bacterial consortium (CAPBC), named J 30 , screened from the pit mud of a Chinese liquor manufactory and stored in our lab under the anaerobic condition, was used in this study. CAPBC J 30 was cultured in the Modified Barker Medium (MBM) for seed culture at 37℃ for 5 days with the anaerobic incubation. The YQX-II anaerobic system (Shanghai Qiqian Electronic Technology Co. Ltd., China) was used for the anaerobic conditions. The components of MBM (Fu et al., 2014) 
DNA extraction, amplification and ARDRA of 16S rDNA clones
The microbial community of CAPBC J 30 was analyzed by 16S rRNA gene clone library using amplified ribosomal DNA restriction analysis (ARDRA) as described by Luo et al. (2014a; 2014b) , previously. CAPBC J 30 was cultured on MBM broth for preparation of genomic DNA. The total DNA was extracted using the EZ-10 Spin Column Bacterial Genomic DNA Isolation Kit (Sangon Biotech, China) according to the manufacturer's instructions. Bacterial 16S rRNA genes were amplified by PCR using oligonucleotide primers as follows: forward primer 27f (5'-AGA GTT TGA TCC TGG CTC AG-3') and reverse primer 1492r
(5'-GGT TAC CTT GTT ACG ACT T-3') (Kurosawa et al., 2010) .
Reaction mixtures were started at 94℃ for 5 min, followed by 30 cycles of 94℃ for 1 min, 55℃ for 1 min and 72℃ for 2 min, and a final extension step of 10 min at 72℃. cgi) to identify individual clones. Neighbor-joining tree including bootstrap probabilities (1000 samplings) was constructed using the MEGA 5.0 software (Tamura et al., 2011) . The homologous coverage C was determined as C=1-(N/n), where N is the number of phylotypes and n is the total number of analyzed clones (Singleton et al., 2001) The sequences determined in this study were submitted to DDBJ (http://www.ddbj.nig.ac.jp/) under the following accession number: LC149721-LC194927. 
Determination of the base medium

Screening important factors by one-factor-at-a-time design
One-factor-at-a-time designs came to screen important factors Table 1 and Table 4, respectively. The optimum levels of selected variables were obtained by analysis the prediction profiler of each input variable.
Determination the concentration of caproic acid The culture of each medium was centrifuged at 10,000 × g for 10 min, and the cell-free supernatant was collected adjusted to pH 2.0 and filtered to test the content of caproic acid. The yield of caproic acid from each medium was quantified by GC-FID (GC353B, GL Sciences, Japan) and the InertCap Pure Wax capillary column (50 m × 250 μm × 0.25 μm, GL Science, Japan) by the internal standard method (with n-butyl acetate). The oven, injector and detector temperatures were set at 150℃, 250℃ and 260℃, respectively.
Kinetics of caproic acid formation and C. kluyveri growth
CAPBC J 30 was incubated in the optimal medium at 37℃ for 21 days with the anaerobic incubation. The content of caproic acid and number of C. kluyveri were determined. The content of caproic acid was measured by GC-FID as described above. The number of C. kluyveri was quantified by real-time quantitative polymerase chain reaction (qPCR), performed in a Lightcycle Nano System (Rocha, Switzerland). The primers for C. kluyveri were CloKly1F
(5'-GAG GAG CAA ATC TCA AAA ACT GC-3') and CloKly1R
(5'-CCT CCT TGG TTA GAC TAC GGA CTT-3') (Weimer and Stevenson, 2012 
Results
Bacterial community structure A total of 120 clones were picked consisted of 7 phylotypes. The biodiversity coverage was 94.2%. Details of the different phylotypes and identity percentage with nearest taxon are presented in Table 2 . The phylogenic distribution of clones across 16S rDNA phylogenetic groups is shown in Figure 1 . Out of the 120 rDNA clones, the 108 clones between the experimental and expected values was only 2.40%, and the yield of caproic acid was 3.6 times higher than the base medium.
Kinetics curves in fermentation course
The growth curve of C.
kluyveri and caproic acid production of J 30 in the fermentation broth are presented in Figure 2 . It showed that the lag phase of C.
kluyveri was 0 to 2 day and logarithmic phase was 2 to 5 day. The maximal copy number of C. kluyveri was 9.20 log 10 copies·ml _ 1 at day 5. From day 6, the copy number of C. kluyveri decreased gradually from 9.18 to 7.95 log 10 copies·ml _ 1
. The pH of the broth declined after 3 day, and stayed at 5.6 after 5 day. The content of caproic acid increased at day 3, then increased significantly from 3 to 6 day, after day 6, the rate of caproic acid production slowed down. After 15 days, the content of caproic acid was 5024.11 mg·l _ 1 , indicating that the optimal time for stopping the fermentation was 15 days for caproic acid production.
Discussion
Constructed a 16S rDNA gene clone library and analyzed ARDRA, it had been found that Clostridium genus, including C. (Chamkha et al., 2001) . Acetate, butyrate, ethanol, H 2 and CO 2 were the products of C. pascui fermentation (Wilde et al., 1997) . Fermentation products of C.
kluyveri were acetate, butyrate, caproate and H 2 (Barker and Taha, 1942; Weimer and Stevenson, 2012) . By studying the action of C.
kluyveri on media containing synthetic fatty acids labeled with the long-lived radioactive carbon isotope 14 C, Barker et al. (1945) have reported that C. kluyveri can metabolize acetic acid and ethanol under anaerobic conditions producing butyric and caproic acids. Stadtman et al. (1949) have confirmed that conclusion and reported that C. kluyveri was unable to convert propionic acid to caproic acid. Till now, C. kluyveri was found to be the mainly caproic acid producing microbe in pit mud (Yao et al., 2010) . So, C. kluyveri was the chief contributor in CAPBC J 30 to produce caproic acid.
However, in our previous study C. kluyveri in CAPBC J 30 alone could not produce caproic acid. Therefore, we speculated that there (5 _ 13%), and fats (1 _ 3%) (Shen, 2014) . Major components of yellow water are 2 _ 4% residual starch, 2 _ 5% reducing sugar, On the base medium, carbon sources, nitrogen sources, and growth factors were selected. Liquor tailing, ethanol, sodium acetate as carbon sources, (NH 4 ) 2 SO 4 and urea as nitrogen sources, and yellow mud extraction as growth factor had significantly positive effects on caproic acid producing for CAPBC J 30 and were chosen to be important factors for Taguchi design. It had been reported that C. kluyveri can fermentate ethanol and acetate producing caproic acid (Barker et al., 1945) . Jeon et al. (2010 Jeon et al. ( , 2013 had reported that the addition of 2-(N-morpholino) ethanesulfonic acid, yeast extract, tryptone and sodium butyrate could improve the yield of caproic acid of Clostridium sp. BS-1.
However, in this study these ingredients did not increase the yield of caproic acid of CAPBC J 30 (data not shown). Verification test revealed that the Taguchi design was able to optimize the fermentation broth for CAPBC J 30 to produce caproic acid, and the yield of caproic acid was 3.6 times higher than the base medium.
This study demonstrated that Taguchi design was useful in designing, analyzing and evaluating effects of factors leading to a higher yield of caproic acid for CAPBC J 30 .
Caproic acid was the precursor for ethyl caproate, the typical flavor of Luzhou-flavored liquor. Hu et al. (2015) had found that C.
kluyveri in aged pit mud for distillery was higher than that in new mud by qPCR, which was consistent with our previous study (Zhang, 2017) . As the only bacteria been reported producing caproic acid in CAPBC J 30 , the growth curve of C. kluyveri had been tested in this study. After 15 days, the content of caproic acid was 5024.11 mg·l _ 1 , indicating that the optimal time for stopping the fermentation was 15 days for caproic acid production.
Although, much work has to be carried out for the high caprioc acid yield of CAPBC J 30 , as to figure out why the yield of caproic acid of CAPBC J 30 in this optimal medium was lower than that 
Conclusion
This study has revealed the prokaryotic community in caproic acid-producing bacterial consortium (CAPBC) J 30 which was 
